Genetic diversity among 107 coxsackievirus B4 field isolates has been studied. These isolates included clinical and environmental isolates originating from Finland, the Netherlands and France, and also from several other countries, including the USA. Three genomic regions were used for phylogenetic analyses : the VP1/2A junction, the entire VP1 and the VP4/VP2 region. Alignment of the deduced amino acid sequence in the VP1/2A junction revealed extensive sequence variation at the previously proposed cleavage site. MS analysis of proteolytic fragments from VP1 revealed that the exact cleavage site is situated between amino acid residues Thr-849 and Gly-850. At least seven distinct genetic lineages, or genotypes, had been circulating in Europe during the period 1959-1998. Two genotypes were endemic in the Netherlands during most of the investigated period. Genetically closely related strains could be found in different countries, and different genotypes co-circulated at the same time in a given country. Clustering patterns were identical in the three genomic intervals. In the VP4/VP2 region, the intraserotypic variation approached interserotype variation. Sequence comparisons of the entire VP1 gene gave a reliable genetic identification of enterovirus serotype. It is suggested that, for genotype classification of previously serotyped coxsackievirus B4 isolates, comparison of VP1/2A sequences is sufficient, but for more detailed investigation of genetic relationships, and for ' genetic serotyping', the entire VP1 gene should be used. The VP4/VP2 region is less reliable for genetic serotyping and genotyping, although the primers are able to amplify many different serotypes.
Introduction
Coxsackievirus B4 (CV-B4) belongs to the family Picornaviridae, genus Enterovirus. In total, this genus comprises 64 serotypes isolated from humans, and an additional 28 serotypes that infect other mammals (King et al., 1999) . Transmission occurs through the faecal-oral or respiratory routes. In general, enterovirus infections go unnoticed, or symptoms are just ' flu'-like, and therefore not recognized as such. Occasionally, infection leads to severe neurological disorders or other Author for correspondence : Mick Mulders.
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diseases, e.g. meningitis, encephalitis, pleurodynia, myocarditis, conjunctivitis or severe systemic infections in neonates (Melnick, 1996) . Furthermore, in several studies, enteroviruses, especially coxsackieviruses B, have been associated with juvenile type 1 diabetes (reviewed in Ramsingh et al., 1997) , although the actual mechanism of pathogenicity is yet to be elucidated. It is also known that CV-B4 and CV-B5 infections are relatively widespread in humans and these viruses are readily detected in the environment (Hovi et al., 1996) . Thus, despite the low attack rate, they can be considered important human pathogens. It is therefore important to understand their epidemiology and pathogenicity.
The single-stranded, messenger-sense viral RNA genome is replicated by the virus-encoded replicase, an RNA-dependent RNA polymerase, which is error-prone as it lacks proofreading activity (Holland et al., 1982) . Therefore, enteroviruses exist as mixtures of micro-variants, so-called quasispecies (Holland et al., 1992) . During replication in the human host or transmission from one person to the other, mutations accumulate, and some mutations become enriched or fixed, depending on various selection processes, e.g. by a genetic ' bottleneck'-mechanism. Furthermore, homologous recombination occurs frequently within a given serotype (intratypic) and between different serotypes (intertypic). Several studies in the past have demonstrated this mainly for polioviruses (reviewed by Agol, 1997) . As a result, the polioviruses, like many other RNA viruses, have diverged into numerous independently evolving genetic lineages (reviewed by Kew et al., 1995) .
In the global polio eradication campaign, partial nucleotide sequence analysis of a 150 nt stretch encompassing the junction region between VP1 (90 nt, 3h-end), the major capsid protein which contains the most important antigenic determinants, and the 2A protease (60 nt, 5h-end) is being routinely used to identify the likely geographic origin of genetic lineages (Rico-Hesse et al., 1987) . Genetic clusters with less than 15 % sequence divergence in the VP1\2A region have been designated genotypes (Rico-Hesse et al., 1987) .
Our goal was to generate a sequence database of CV-B4 field isolates from several, mainly European countries, and to study the genotype distribution based on sequence variation observed in the VP1\2A region. Furthermore, we compared clustering patterns obtained from sequences from the entire VP1 gene. This capsid gene reflects the serotypic character of a virus to a high extent, as major antigenic sites are located on this protein. Previous studies have shown the use of one primer pair for the amplification of different enterovirus serotypes (Olive et al., 1990 ; Pulli et al., 1995 ; Arola et al., 1996 ; Huttunen et al., 1996) and demonstrated the usefulness of the VP4\VP2 region for the routine genetic classification of enteroviruses. We have also included this region in our analyses.
Methods
Viruses. A total of 109 CV-B4 strains were used in this study, which included the ATCC prototype strain J. V. B., isolated from a stool sample of a 10-year-old child in New York, USA, in 1951, and a plaque variant of Edward's isolate (E-2), which was obtained in the USA in 1958 from the myocardial tissue of an infant with a generalized infection, focal necrosis and inflammation of the pancreas (Hartig et al., 1983) . The genomes of the latter two viruses have been sequenced completely [J. V. B. GenBank accession no. X05690 (Jenkins et al., 1987) ; E-2 GenBank accession no. S76772 (Kang et al., 1994) ]. Forty isolates were obtained from patients from the Netherlands, spanning a period of almost four decades . The 30 French strains were isolated in 1996 from sewage in Paris and the 21 Finnish isolates were from both patients and sewage (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) . Six patient isolates were from the USA (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) and there were three strains from Denmark (1982 Denmark ( , 1993 , one Canadian strain (1983), one Romanian strain (1986), one from Latvia (1998) and three from Pakistan (1991 Pakistan ( -1992 .
Propagation of virus strains. Freezer stocks were re-cultured on African Green Monkey Kidney (GMK) cells [1 : 10 dilution in maintenance medium (Eagle's MEM with 2 % foetal calf serum)], three times freeze-thawed and clarified by centrifugation. Serotype was confirmed using the monovalent neutralizing antiserum.
Virus isolates obtained from sewage water samples were plaquepurified to resolve possible mixtures of genotypically different viruses (Mulders et al., 1999) . In brief, 5-day-old monolayers of GMK cells in 6-well plates were inoculated with serial 10-fold virus dilutions prepared in maintenance medium. After 1 h at 37 mC, the inoculum was discarded and 2 ml semi-solid carboxymethylcellulose overlay was added to each well. After overnight incubation, plaques of 10-30 infected cells (approx. 5 µl) were picked under a microscope with low-power magnification using a pipette tip. The picked plaques were mixed with 100 µl maintenance medium and samples were stored at k20 mC until inoculation on cell culture.
Virus purification. GMK cell monolayers in Roux bottles were infected with 10 −# diluted stocks of selected CV-B4 strains and cultured overnight at 36 mC. Cultures were harvested at full CPE and virus was purified over sucrose gradients as described previously (Abraham & Colonno, 1984) .
RNA isolation.
Coxsackievirus RNA was purified from 50 µl cell culture supernatant using the RNeasy kit (Qiagen), dissolved in 50 µl diethyl pyrocarbonate-treated H # O and stored in aliquots at k70 mC.
Primers. For cDNA synthesis and PCR amplification, several combinations of different primer pairs were used (Table 1) .
Reverse transcription (RT)
. cDNA synthesis was carried out for 1 h in a reaction volume of 10 µl, which contained 1 µl heat-denatured RNA, 25 mM Tris-HCl (pH 8n3 at 25 mC), 5 mM MgCl # , 50 mM KCl, 2 mM DTT, 1 mM dNTPs (Boehringer Mannheim), 2 U avian myeloblastosis virus reverse transcriptase (Finnzymes), 4 U RNase inhibitor (Promega) and primer oligo(dT) #( CCG. A mixture of mineral oil (Sigma) and DynaWax (Finnzymes) 7 : 1 was applied as overlay to prevent evaporation and premature priming and formation of primer-dimers during the subsequent amplification step. Upon completion of the RT reaction, the sample was heated at 95 mC for 5 min to denature the enzyme, and then chilled on ice.
PCR. For enzymatic amplification, the reaction volume was adjusted to 50 µl by adding 4 l 10i PCR buffer (0n1 M Tris-HCl, pH 8n8 at 25 mC, 0n5 M KCl, 1 % Triton X-100), 0n75 l 50 mM MgCl # , 12n5 pmol of both upstream and downstream primers, 1 U recombinant Thermus brockianus DNA polymerase (DyNAzyme II ; Finnzymes) and distilled water. For simplicity, uniform cycling conditions were chosen : 1 min at 94 mC, followed by 35 cycles of 1 min at 94 mC, 1 min at 42 mC and 2 min 30 s at 72 mC. Table 1 shows a list of primers which were used in this study to amplify the VP1\2A junction, the entire VP1 and the VP4\VP2 region of the different CV-B4 strains. PCR products were visualized on an ethidium bromide-stained 2 % agarose gel.
Sequence analysis. Depending on the presence of a single or multiple bands in the gels, PCR products were either directly purified using the Qiaex PCR purification kit (Qiagen), or excised from the gel and purified using the Qiaex gel extraction kit (Qiagen). Amplicons were eluted using 30-50 µl 10 mM Tris-HCl (pH 8n5) and stored at k20 mC. Cycle sequencing reactions were performed using the (Big) Dye terminator kit (PE Applied Biosystems) with the same forward or reverse primer as used in the preceding RT-PCR step. Both forward and reverse reactions were carried out to resolve possible ambiguous nucleotides.
Comparison of forward and reverse sequences was made using Sequence Navigator (version 1 ; PE Applied Biosystems). Alignments were made using PILEUP, part of the GCG program suite (version 9.1). Programs DNAdist (maximum likelihood model of nucleotide substitution) and R  TTT TTT TTT TTT TTT TTT TTT TTT TTT CCG * Primer positions are given according to the orientation of the primer, either forward (F) or reverse (R) sense ; numbering is according to Jenkins et al. (1987) . † 71693 by Rotbart (1990) ‡ 81294 modified from Olive et al. (1990) .
Neighbor (UPGMA method of clustering), part of the PHYLIP (phylogeny inference) package (version 3.572c ; Felsenstein, 1993) were used to construct dendrograms. Branch lengths are not optimized, but this method does assume an evolutionary clock. Graphic representations of dendrograms were obtained with NJplot or TreeView (version 1.5.3). Quartet puzzling (1000 replicates) was performed using Puzzle (version 4.0 ; Strimmer & von Haeseler, 1996) . Three different regions were analysed : (i) a 150 nt stretch encompassing the VP1\2A junction region (90 nt at the 3h-end of VP1 and the adjacent 60 nt at the 5h-end of 2A ; position 3201-3350, numbering according to Jenkins et al., 1987) ; (ii) the entire VP1 gene of 843 nt (position 2448-3290) ; and (iii) the VP4\VP2 region, encompassing the entire VP4 gene and 213 nt at the 5h-end of VP2 (position 744-1163). The VP1 sequences were constructed from overlapping amplicons. All CV-B4 sequences used in this study have been submitted to GenBank (accession numbers AF159980-AF160169). From the isolates for which the entire VP1 gene sequence was established, the submitted sequence also included the junction region with the two neighbouring genes, VP3 and 2A (position 2417-3371). In other cases, only the 150 nt VP1\2A sequence has been submitted (position 3201-3350). The sequences submitted to GenBank encompassing the VP4\VP2 region (position 603-1163) also included the hypervariable domain in the 5hNCR.
Analysis of C terminus of VP1. The capsid proteins of the CV-B4 strains J. V. B., E-2 and 15248NET72 were separated by 12 % SDS-PAGE (Laemmli, 1970) , and visualized by staining with Coomassie brilliant blue. The bands containing a mixture of VP1 and VP2 were cut out and the proteins were digested ' in-gel' (Hellman et al., 1995) with endoproteinase LysC (Wako). The generated peptides were extracted from the gel pieces and subjected to mass-map analysis using delayed extraction matrixassisted laser-desorption ionization\time-of-flight (MALDI-TOF) MS (Bruker Biflex ; Bruker-Daltonics). Angiotensin 2 was used as an internal standard.
Results

General observations
In total, we obtained 107 CV-B4 field isolates from different regions of the world. All isolates were analysed in one or more of the genomic intervals used in this study. Of the total number, 72 were sequenced in all three of the aforementioned genomic intervals. From the remaining 35, all but five strains could be sequenced in the VP4\VP2 region ; 15 strains could be sequenced in neither the VP1\2A region nor across the entire VP1 gene ; and an additional 14 could only be sequenced in the VP1\2A region, and not across the VP1 gene. All nucleotide positions could be resolved if the sequencing in general was successful.
Based on the obtained distance matrices (not shown), the maximum genetic variation between CV-B4 isolates was as follows : 27n3 % in the VP1\2A junction region ; 19n3 % in the entire VP1 gene ; and 20n7 % in the VP4\VP2 region. However, the extent of maximum amino acid variation in the Table 2 . Amino acid sequence variation in the VP1/2A junction region Nineteen amino acid residues at the C terminus of the VP1 protein from sequences in bold (JVB-USA51, E-2USA58 and 15248NET72) have been confirmed experimentally. Arrows indicate the location of the old (light grey box) and the newly (dark grey box) established proteolytic cleavage site between VP1 and 2A. Only codons that differ from the consensus sequence are shown (see text for further details).
VP1\2A region (50 aa) was surprisingly high at 22n0 %. In VP1 (length 281 aa), the maximum amino acid variation was only 4n3 % and in the VP4\VP2 region (140 aa), this value was 5n7%.
C terminus of the VP1 protein
Alignment of the deduced amino acid sequences at the VP1\2A junction revealed heterogeneity at the suggested VP1\2A cleavage site (Jenkins et al., 1987) . Since the location of this site was based on sequence comparisons with other picornaviruses, rather than direct analysis, we wanted to identify the exact proteolytic cleavage site between VP1 and 2A. Thus, we separated the capsid proteins from strains J. V. B., E-2 and 15248NET72 by SDS-PAGE, excised the bands containing VP1 and VP2, which co-migrated with VP1, from the gel and subjected the proteins to ' in-gel' digestion followed by extraction of the generated peptides from the gel pieces. MALDI-TOF MS analysis of the digests revealed that the digest from J. V. B. contained a peptide with a monoisotopic mass of 2049n07. The only sequence to which this mass fits in the deduced J. V. B. sequence is the C-terminal LysC peptide from VP1 with a structure NVNFDVEAVTAERASLITT (calculated monoisotopic mass 2049n04). Similarly, the digest from strain E-2 contained a peptide with the monoisotopic mass of 2065n07 corresponding to the C-terminal peptide NVNFDVEAVTTERASLVTT (calculated monoisotopic mass 2065n07) of VP1. Furthermore, the digest from 15248NET72 contained a peptide with a monoisotopic mass of 2095n06 which corresponds to the C-terminal peptide NVNFDVEAV-TTERTSLVTT (calculated monoisotopic mass 2095n04) of VP1. These results, together with the known nucleotide sequences across the VP1\2A junction region from the three analysed strains, unambiguously define the exact cleavage sites between VP1 and 2A in the analysed strains. The obtained sequences corresponded completely with the amino acid sequence deduced from the amplicon sequences. We found one amino acid difference with the published J. V. B. sequence (GenBank accession no. X05690 ; Jenkins et al., 1987) , which was confirmed in the nucleotide sequence (position 3235 : A Each shaded region indicates a genotype, numbered I-VII. A distance matrix was calculated using DNAdist (maximum likelihood) and the dendrogram was calculated with Neighbor (UPGMA). Four sequences had been published previously (HA-Ire85, HB-Ire86, HC-Ire85 and H6-Ire86) by Hughes et al. (1993) ; JvB-usa51 is the ATCC prototype strain J. V. B. and E-2usa58 is the diabetogenic strain. Country abbreviations : can, Canada ; den, Denmark ; fin, Finland ; fra, France ; ire, Ireland ; lat, Latvia ; net, the Netherlands ; pak, Pakistan ; rom, Romania ; usa, United States of America. instead of G, resulting in Asn instead of Ser). The deduced amino acid sequence of five residues around the VP1\2A junction ' LxTT\G', where x is either V or I, and proteolytic cleavage occurs between T and G, is conserved among all sequenced CV-B4 isolates (Table 2) .
Sequence clustering in the VP1/2A region
Sequences were obtained from a total of 90 CV-B4 field isolates in the 150 nt VP1\2A junction region. Two entirely sequenced reference strains, J. V. B. and E-2, and four previously published Irish strains (Hughes et al., 1993) were included in the analysis. Adopting the genotype demarcation of 15 % as introduced by Rico-Hesse et al. (1987) for polioviruses, seven distinct genotypes, numbered I-VII, could be observed in the UPGMA dendrogram (Fig. 1) .
Genotype I consisted of strains isolated in Canada, Finland, Denmark and the Netherlands (Fig. 1) . Strains from the Netherlands belonging to this genotype had been isolated throughout three decades, between 1965 and 1989. The second large genotype, II, contained strains from France, Finland, the Netherlands, Pakistan, the USA and published sequences from Ireland (Hughes et al., 1993) . Two other genotypes (III and IV) were closely related, with an average divergence of slightly more than 15 %. Genotype III contained isolates from the Netherlands and Romania, and genotype IV contained isolates from Finland, Latvia, Denmark and the Netherlands. Genotype V comprised several older strains from the USA as well as one from the Netherlands, and genotype VI consisted of strains from the Netherlands, Finland, Ireland and France. Genotype VII contained the diabetogenic E-2 strain from the USA, 1958, as well as several isolates from the Netherlands of similar age (1959) (1960) (1961) (1962) . Genotypes I, II and VI were the most predominant, which is due to the fact that some countries were represented by a large number of strains (Finland, France and the Netherlands). No sequences clustered with the prototype J. V. B., and it therefore formed a genotype of its own. Within a 2 year period (1989) (1990) , five different genotypes, and within one genotype (II), three separately evolving sublineages, were co-circulating in the Netherlands. During the same period, two genotypes were found in Finland, where within one genotype (II), four different sublineages were found (Fig. 1) . Identical clustering patterns were found using the Neighbor-joining method implemented in ClustalX (Thompson et al., 1997) , and with Puzzle (data not shown), and supported the above genotype classification based on the UPGMA method.
Genetic variation in the VP1 gene
The entire 843 nt VP1 gene of 76 strains was sequenced (Fig. 2) . As the observed maximum genetic variation in the VP1 gene is lower than that in the VP1\2A junction, the extrapolated genotype demarcation had to be adjusted to 11 %. Basically, clustering patterns were identical to those seen in the alignment of VP1\2A sequences. One exception was genotype VI, which divided up into two separate genotypes with a genetic difference approaching 14 % between the two. Reliable quartet puzzling values were found for most branches (Fig. 2) . Bootstrap analysis carried out using the PHYLIP package supported the Puzzle findings. Branching order of the genotype clusters was somewhat different : genotype VI grouped closely with genotype VII in the VP1\2A dendrogram, but formed a distinct, separate cluster in the VP1 tree. Genotypes V and VII now appeared more closely related, whereas genotype I branched with V and VII, and no longer with II, III and IV. Genotype distribution using ClustalX and Puzzle, again, gave identical results (not shown).
VP4/VP2 region
The sequences of the VP4\VP2 region, encompassing the entire VP4 gene (207 nt) and 213 nt of the 5h-end of VP2, adjacent to VP4, were obtained from 104 strains, including J. V. B. and E-2. A dendrogram of the sequence alignment can be found in Fig. 3 . Clustering patterns similar to those obtained with the VP1 sequence alignment were observed. Based on the distance matrix (not shown), the genotype demarcation was extrapolated to be 12 %, which is less than the intragenotype variation in the VP1\2A region, but slightly larger than in the VP1 gene. Branching order was very similar with the VP1 tree. As in the VP1 tree, genotype VI again consisted of two separate clusters. The only exception was genotype III, which grouped closely with genotype IV in the VP1\2A and VP1 trees, but formed an entirely separate cluster in the VP4\VP2 IAJ tree. Identical genotype distribution patterns were observed using both ClustalX and Puzzle (not shown). Fig. 4 shows a UPGMA comparison of nucleotide sequences of different enterovirus serotypes in both the VP4\VP2 region (a) and the VP1 (b). In both genomic intervals, CV-B4 isolates clustered together in a separate cluster as compared to other enterovirus serotypes, although statistical support (bootstrap and quartet puzzling) of the separate branches was lower in the VP4\VP2 region (Fig. 4) . The maximum genetic distance between nucleotide sequences of different field isolates of a given serotype was 25 % or less in the VP1 gene. In the VP4\VP2 region, this intraserotypic genetic distance approached the interserotype divergence. This can be seen most prominently in the human enterovirus B (HEV-B) species cluster, which contains all CV-B and echoviruses, as well as CV-A9 and human enterovirus 69. These observations were confirmed by the lower statistical support for the species and serotype clusters in the VP4\VP2 region.
Comparison with other human enterovirus serotypes
Discussion
We analysed the partial nucleotide sequence of 107 field isolates of CV-B4 from different European countries, from the Middle East and from the Americas spanning a period of four decades . Previously, Rico-Hesse et al. (1987) introduced the term ' genotype' for a cluster of epidemiologically related poliovirus sequences. Within a 150 nt stretch encompassing the VP1\2A junction (90 nt at the 3h-end of VP1 and 60 nt at the 5h-end of 2A pro ), a genetic divergence of less than 15 % indicated a likely epidemiological link. This region has been used with success in the global polio eradication initiative of the World Health Organization to establish transmission patterns of poliovirus genotypes and to locate endemic areas (Rico-Hesse et al., 1987 ; Kew et al., 1995 ; Mulders et al., 1995) . According to these principles, seven designated genotypes of CV-B4 were found to circulate during the investigated period (Fig. 1) . We were not in a position to confirm epidemiological links of the CV-B4 isolates within any given 15 % cluster, but the overall pattern of strain segregation in the dendrograms supported this criteria for a genotype (Fig. 1) . The variability patterns were reminiscent of those of polioviruses in several other aspects as well. We analysed the entire VP1 (Fig. 2) and a region encompassing the entire VP4 and the 5h-end of VP2 (Fig. 3) , in order to confirm clustering patterns obtained from the VP1\2A alignment. Clustering patterns were similar in all three of the analysed regions, except for genotype VI, which separated into two distinct clusters based on VP1 (Fig. 2 ) and VP4\VP2 sequences (Fig. 3) , but not in the VP1\2A region (Fig. 1) .
Another remarkable deviation was genotype III, which grouped closely to genotype IV in the VP1\2A and the VP1 tree, but formed a cluster of its own in the VP4\VP2 tree (Fig.  3) . A possible explanation could be a recombination event between two CV-B4 viruses belonging to different genotypes. The cross-over point of recombination should have been located somewhere between VP2 and VP1. If this is true, it is a remarkable observation, as enterovirus recombination within the P1 capsid region has not been reported previously.
There was a striking difference in the range of sequence variability in the VP1\2A junction region as compared to the entire VP1 or the VP4\VP2 region. In the VP1\2A junction region, genotypes differed by less than 15 % (Fig. 1) , but only by 11 % in the entire VP1 sequence (Fig. 2) , and by 12 % in the 420 nt VP4\VP2 region (Fig. 3) .
Co-circulation of CV-B4 strains belonging to different genetic lineages was relatively common within one country (the Netherlands and Finland, 1989 and 1990 , and France 1996  Fig. 1 ). On the other hand, on several other occasions genetically similar viruses were found to circulate in geographical regions that were far apart : Pakistan, France and the Netherlands (genotype II) ; in Finland, USA and the Netherlands (another variant of genotype II) ; Finland, the Netherlands and Canada (genotype I). This might reflect previous epidemic spread of the genotype or the existence of a globally persisting genotype.
CV-B4 can circulate uninterrupted in a given area for many decades : viruses belonging to the same genotype were found in the Netherlands between 1965 and 1990. This illustrates the endemic characteristics of the virus. This observation may be relevant to the hypothesis that populations with a high incidence of insulin-dependent diabetes mellitus (IDDM) might be endemically infected by a specific serotype, genotype or a set of variants of enteroviruses (Hovi, 1998) . Finland has the highest incidence of IDDM in the world (Padaiga et al., 1997) . None of the CV-B4 genotypes found in this study were specifically enriched in Finland, but the sample of strains isolated from Finland was relatively limited. Viruses closely related to the E-2 diabetogenic variant (Hartig et al., 1983 ; Kang et al., 1994) had been isolated in the Netherlands during the same period (1959) (1960) (1961) (1962) as the variant (1958), but not later (Fig. 1) . This indicates that E-2 belonged to a commonly circulating genotype VII, now probably extinct. Hence, genotype VII cannot have any relevance to IDDM in general. Furthermore, since several different serotypes have been associated with IDDM recently (Roivainen et al., 1998) , there is no need to search for a ' diabetogenic' genotype of CV-B4 only.
The 150 nt VP1\2A region is sufficient to perform elementary molecular epidemiological studies, but due to its restricted length and its high nucleotide and amino acid variability, we recommend using the entire VP1 gene, as it appears to be a more reliable region for detailed molecular epidemiology (Fig. 2) . The reliability of the clustering patterns was checked by performing quartet puzzling and bootstrap analyses, and by applying three different approaches for estimating the maximum likelihood distances : UPGMA, neighbour-joining and quartet puzzling. All methods gave identical clustering patterns, statistically supported by high quartet puzzling values for each genotype branch.
The high degree of nucleotide variation in the VP1\2A region as compared to the two other genomic intervals is remarkable (Fig. 1) . One explanation could be the location of important antigenic sites at the C terminus of VP1. CV-A9, a closely related enterovirus serotype, contains an important antigenic site at the C terminus of VP1 (Pulli et al., 1998) . The degree of amino acid sequence variation in an antigenic site is strikingly higher and might therefore account for the high sequence divergence in the VP1\2A junction region. One might have expected to see relatively more variation in the entire VP1 gene than in the VP4\VP2 region, because of the assumed abundance of antigenic sites located on the VP1 capsid protein. However, the reverse was true, although the differences remained small. The explanation may be that the VP1 gene contains large stretches of sequence conservation among isolates from the same serotype ; both internalized structural regions as well as externalized regions, which define the virus serotype character. This view is supported by the optimal serotype-specific clustering of the strains using the VP1 sequences.
We sequenced regions of the genome that code for important motifs in the synthesis and processing of enterovirus proteins. The context of the initiator codon AUG in all of the sequenced field isolates was completely conserved, with A at position k3 and G at position j4 from the translation initiation sequence. In all but three cases, the sequence was AAAAUGG (once it was AGCAUGG and twice AAUA-UGG). The cleavage site between VP4 and VP2 (N\S) was fully conserved among all field isolates, as was the VP3\VP1 cleavage site (Q\G). Alignment of the deduced amino acid sequences at the VP1\2A junction (Table 2) revealed unexpected heterogeneity at the putative VP1\2A cleavage site (Jenkins et al., 1987) . Therefore, we decided to determine the true C-terminal sequence of VP1 on three strains. In all three cases, the VP1 was found to end with an LxTT motif, with x being V or I. The newly identified LxTT\G motif for the cleavage site was fully conserved among all sequenced CV-B4 strains.
Two positions in the P1 region have been previously associated with CV-B4 virulence : in VP4, the Ser residue at position 16 (Ramsingh & Collins, 1995) , which is Arg in the non-virulent variant ; and in VP1, Met-129, which becomes Thr in the non-virulent variant (Caggana et al., 1993) . None of the sequenced CV-B4 field isolates had the avirulent sequence. In VP4, position 16 was mostly Ser (UCn), six isolates had Gly (GGn) and one had Asn (AAy). All isolates except one [05560NET62, which had Ile (AUA)] had Met (AUG) at position 129 in VP1.
The three genomic regions which were analysed were also assessed for their potential use in genetic typing of enteroviruses. Comparison of the VP1\2A junction region of different enterovirus serotypes is not very useful as the overall length of this fragment is very short and even within a serotype, there exists a high degree of variation. Using such highly variable and short genomic intervals would not give reliable phylogenetic branching. As the VP4\VP2 region is highly conserved among all enteroviruses, this region also appears to be less suited for genetic typing (Fig. 4 a) . Therefore, of the three analysed regions, the VP1 region would be the region of choice (Fig. 4 b) . This gene contains major antigenic sites as well as receptor recognition sequences and, therefore, resembles most optimally an enterovirus serotype. When comparing nucleotide sequences of different serotypes, a distinct serotype-specific clustering pattern can be observed for each of the enterovirus serotypes in which multiple isolates have been included (Fig. 4) . The only drawback of this region is the necessity to use different primer combinations to obtain a PCR product, due to the high genetic variability of the VP1 gene.
As a starting point or for elementary epidemiological studies, the VP4\VP2 region is useful, as it can be amplified by one primer pair. However, more detailed information will be obtained from the VP1\2A region as a result of the higher sequence variability. Most reliable and detailed information can only be obtained from the VP1 region. VP1 sequence information can also be used to reliably define the serotype of a given strain.
In conclusion, CV-B4 behaves like many other RNA viruses with respect to high genetic variability. Many genetic lineages circulate worldwide and appear to have both endemic and epidemic forms of transmission. For genetic typing purposes, the use of the entire VP1, or at least a large proportion of it, is recommended, whereas for less-demanding studies, both the VP1\2A and the VP4\VP2 region can be used.
